Abstract: A new Ni based superalloy is considered as bucket material because of high fatigue resistance with fine grain. However a bucket is usually exposed to high temperature for a long time, so creep rupture tests were conducted to understand the microstructure evolution during creep deformation under various stresses at temperatures of 566, 593, 621, 649 and 670 ℃. The hardness applied to the crept specimen of these alloys increased until the value of LMP reached 25, and decreased while the value of LMP exceeded 25. The microstructure analysis with TEM, SEM and OM were conducted on ruptured specimen to observe the changes of γ″ morphology, carbides, and fracture mode. As a result of investigating microstructural changes and creep properties, it can be concluded that the effect of grain size on creep properties is dominant regardless of the size of γ″.
INTRODUCTION
In recent years, the maximum steam temperature in turbine of fossil power plant has been raised in order to improve thermal efficiency. In conventional steam turbines, ferritic heat-resistant steels have been widely used as bucket materials until now. However, in ultra-super critical and hyper super critical, Ni based superalloys are considered as bucket materials according to system design requirements because of high creep property, fatigue and corrosion resistant. The system of candidate material is 22Cr-9Mo-3Fe-4Nb Ni base alloy. These candidate alloy have a solid solution hardened FCC structure, which is strengthened by chromium, molybdenum, iron, niobium, and so on. BCT structured and ordered in an intermetallic compound type phase, with a disc shaped gamma double prime(γ″), is the principal strengthening phase in this alloy [1] .
The alloy containing carbides are MC and M6C (rich in nickel, niobium, molybdenum and carbon). In addition, M23C6, a chromium-rich carbide, appears in solution-treated material exposed at temperatures lower than 566 ℃. This to 670 ℃ because of the high niobium content. Niobium, a body centered cubic (BCC) Group VA element, is one of the major refractory elements used in superalloys along with molybdenum, tungsten and tantalum. These alloying elements added singly or in combination, contribute to solid solution strengthening, and precipitation hardening as well. Niobium has lower modulus, melting point and density than the other refractory elements [2] [3] . The alloy shows high strength and toughness over a wide temperature range besides excellent fatigue strength, oxidation, and corrosion resistance. Bucket material needs fine grain for good fatigue properties, and it is also important to understand the effect of stress, temperature, and time on creep properties in the operation condition. 
EXPERIMENTAL PROCEDURE
The chemical composition of the alloy Ni-22Cr-9Mo-3Fe-4Nb is given in Table 1 The D2 alloy has fine grain of about 10 micrometer. It has Niobium carbides in 100 nm and M6C type carbides at grain boundary and matrix. δ-Phase was not observed.
Creep properties
The creep rupture results obtained at various temperatures and stress levels in the present study are plotted in the form of It is evident that the creep rupture time depends on both temperature and stress. The creep strength of alloy D1 is higher than that of alloy D2.
The hardness of these alloys increased until the value of LMP increased up to 25, and decreased with LMP increase above 25 (Fig. 4) .
It is related with the microstructural changes such as coarsening of precipitate and phase transformation.
Microstructure evolution of alloys during creep
The coarsening of γ″ precipitates in candidate alloys during creep test was observed. The mechanism for coarsening is analyzed in terms of the interaction between applied stress and temperature. Figure 5 shows the evolution of microstructure during creep in alloy D1. SEM micrographs showing the grain boundary as the LMP increased with various temperatures in alloy D1. γ″ is finely precipitated in the matrix with the size of about 11.5 nm. δ-Phases were formed across the grain and α -Cr(Chromium enriched bcc phase) was randomly precipitated along the grain boundary (Fig. 5a ) Figure 5 b) shows that γ″ is finely precipitated in the matrix, the size of γ" is about 24.55 nm. It also shows δ phase formed continuously while α-Cr is also discontinuously precipitated on grain boundary. In case of alloy D2, γ″ is precipitated coarsely in the matrix increase at higher LMP in D1 alloy (Fig. 7 a) ~ c) ).
In case of D2 alloy (Fig. 7d) ~ f) ), It shows that the transgranular fracture mode is dominant to the value of LMP 25. However, the fracture mode become transgranular with deep dimples on the fracture surface with LMP 26.34 in Fig.   7 . The change of fracture modes during creep is summarized in Fig. 8 .
Transformation phase has been identified by SEM and TEM with SAD analyses. Fig. 9 a) show that δ-phases were detected and distributed across the matrix, it also reveals γ″ exists without  phase within the matrix. The size of γ″ was up to 11.5nm. γ″ can be expected to be degenerate into δ -phase by the following reaction [7] γ″
α-Cr, chromium enriched bcc phase is precipitated between grain boundary and delta phase in D1 alloy. It is reported that α-Cr formation is related to Cr in Ni based superalloys when
Cr content is higher than 16 wt% according to B. Lindsley reported [8] .
α-Cr forms along the δ-phase where the Cr and Fe levels are the highest in the matrix, due to the rejection of these elements from the -phase and relatively slow diffusion of these elements in the matrix at test temperatures [8] . carbide by the following reaction [1, 7, 8] .
On the other hand, in this alloy system, there were no M23C6. Only M6C was detected. Low level carbon content around 0.02 wt% is believed to be the reason for these candidate alloys. MC carbides dominantly contain Nb content and Niobium is known to retard the reaction of MC type carbides to M23C6 type carbides [8] .
These TEM images show that the size of γ″ of alloy D2 is coarser than that of alloy D1 as the value of LMP increased from 24.5 to 26.5 as shown in Fig. 11. 
CONCLUSIONS
A polycrystalline Ni-based superalloy was studied with respect to its microstructural evolution during creep with various stresses at 566, 593, 621, 649 and 670 ℃ by SEM and TEM.
The hardness is increased as the value of LMP increased to about 25 and then decreased.
As the LMP is increased, the size of γ″ gradually increased up to 48.5 nm and it was transformed to δ-Phase and coarsened in both alloy D1 and D2. TEM observations showed that discontinuous α-Cr on grain boundary.
It can be concluded that the effect of grain size is dominant on creep properties during intermediate temperatures regardless of the size of γ″ due to the total amount of γ″ is small. 
